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Abstract

In this paper we introduce what we call the "text illus-
tration problem": Given a (scientific or technical) text
which a user is studying and interacting with, as well
as a collection of geometric models pertaining to the
(lomain of the text. Produce customized, accompany-
ing illustrations. We provide a framework for solving
this problem and show how knowledge representation
cazi enhazme the quality of the illustrations generated.
We demonstrate the feasibility of the approach through
a prototypical system azl(t show the results of ai)plying
it in the area of anatomy.

Introduction

The topic of digital books has recently stirred consider-
able interest. It is expected that new hardware will be
developed which will allow the display of information
on screens which behave much like paper. The hope is
that this will lead to user interfaces which are ergonom-
ically more pleasing than present-day computer screens.
Users will be able to flip through electronic pages, much
like the pages of a book.

The availability of such hardware in the future will
require a redesign of the information which is actually
to be displayed. On the one end of the spectrum, it will
be possible to download pages as they otherwise appear
in printed books. Indeed, while users today prefer to
read and study long texts in printed books rather than
on computers, the hope is that the new hardware wilt
make reading computer output more attractive. On
the other end of the spectrum, users will be able to
interact with electronic books much like they interact
with computers using screens today. New functionality
will be needed to bridge this gap.

One area in which electronic books have the potential
of providing added value over and above printed books
is in customizing illustrations. Rather than a prede-
fined illustration being embedded in the text at a fixed
position, users should be able to ask for illustrations
based on their current information needs. The illustra-
tions should be generated taking into account the text
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at hand. This paper takes steps in this direction, show-
ing how a new kind of image-text coupling based on
a text model and geometric models pertaining to the
domain of the text can be exploited.

The paper is organized as follows. First, background
material on browsing through texts is given, and differ-
ent kinds of image-text relations in printed books are
discussed. Next, the topic of automatic text illustra-
tion is addressed and a solution is presented. Results
of a prototypical system for interactive illustration of
anatomical texts are given. Future work is outlined in
the final section.

Background
Browsing through Texts, Short and Long

While addressing the issue of navigation in large in-
formation spaces, several visualization methods have
emerged which are also suited for the purpose of brows-
ing through long texts. The INFORMATION MURAL,
as presented in (Jerding ~: Stasko 1998), is a two-
dimensional reduced representation of an entire infor-
mation space and fits completely within a display win-
dow or screen. It creates a miniature version of the
information space using virtual attributes (color, etc.)
to display its properties. It may be used as an overview
of the structure of the observed information space and
as a navigation tool.

To display long unstructured texts in a manner which
resembles a stack of pages, the DOCUMENT LENS ap-
proach (Robertson & Mackinlay 1993) provides an inno-
vative interface. Here, the pages are displayed as if the
user looked at them through a magnifying glass. The
currently selected page is shown in every detail, whereas
adjacent pages are reduced in their size and perspec-
tively warped. Also the WEBBOOK approach (Card,
Robertson, & York 1996) provides an interesting inter-
face for handling long texts.

The methods mentioned above concentrate on the in-
herent properties of the text and do not make use of any
related information nor possibilities which emerge from
including knowledge about the contents of the text into
the interface. The method we propose for visualizing
text is based on the interactive illustration of an oth-
erwise long, uniUustrated text. This raises the general
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issue of the interaction between texts and images, both
in traditional print media and in multimedia systems.
We shall therefore discuss these in turn.

Traditional Media: Atlases vs. Textbooks

Two fundamental forms of information presentation can
be distinguished in traditional print media. On the one
end of the spectrum, we have atlases whose primary fo-
cus is on graphics which illustrate the subject matter at
hand in a very detailed way. The understanding of the
subject is supported by labels and figure captions, and
somewhat, more rarely by additional texts and tables;
thus text plays only a marginal role in such books. The
attached labels have to be mentally integrated and--
much more important--sorted out by the viewer to get
the information he or she wants. Even more crucial for
getting a complete impression of the subject matter is
that one specific topic is dealt with in several images
to convey the three-dimensionality from different view-
points.

On the other end of the spectrum, we have textbooks
which focus primarily on a verbal description of the
subject matter at hand. For example, in medical text-
books, structure and functionality of the body parts
and organs are described with an almost uniform ter-
minology. The images used here accompany and illus-
trate the text and are thus less detailed than in atlases.
The labeling of the text-book images is sparser than in
atlases; in most cases only labels with a reference in
the text are shown. Since images in textbooks concen-
trate on specific aspects, the number of images needed
to illustrate a subject to a certain degree of complete-
ness is rather high. This means that images may be
spread over several pages, aggravating problems associ-
ated with the mental integration of all the information
they contain. Furthermore, the reader needs to combine
mentally both types of information, texts and graphics.

Both types of books, atlases and textbooks, have
in common a high navigational effort to integrate tex-
tual and graphical information and to build up a men-
tal model of the described contents. Flipping through
pages as well as the use of different books at once is
a standard--cumbersome and tiring--procedure for a
student when learning anatomy.

Coupling Text and Graphics in Interactive
Systems
Multimedia systems try to overcome some of the
problems, especially those associated with the three-
dimensional nature of the underlying geometric knowl-
edge. They offer navigation facilities for 3D models by
directly using them as a source for image generation
and by offering the user possibilities to interact with
the geometric model and thus change the viewpoint to
whatever position he or she needs. Furthermore, text
and graphics are directly linked to each other. Thus
a user may request an image for a specific part of the
text or an explanation of a specific part of the image
by activating the link. However, practically all systems

commercially available or reported on in the literature
so far use predefined images or animation, and the user
generally has no possibility to request a customized il-
lustration which fits his or her intentions or reading
history.

For interactive illustration systems, which often try
to resemble the traditionally known media, we can also
identify two major groups of systems. We will call
systems which focus mainly on the graphics (and thus
are similar to atlases) graphics-driven, and those which
concentrate primarily on textual information (like text-
books) text-driven.
Graphics-Driven Systems Graphics-driven sys-
tems are widely used nowadays. Here a user interacts
mainly with the graphical visualization to explore the
information space. By interacting with the image, fur-
ther data can be obtained, like object names, relation-
ships, or additional facts. Texts are only used in small
quantities and displayed as labels, figure captions or ta-
bles close to the image or in a separate window. As an
example, this can be seen in "Sobotta. Atlas of Human
Anatomy. CD-ROM edition". Here the very detailed
images take almost the complete screen space. Picking
an object in the image leads to the appearance or high-
lighting of a label or an entry in a supplementary table.
Hence the image is in the center of interest and is used
to obtain any information needed.

Graphics-driven systems can rely on a close connec-
tion between the textual information and the parts of
the graphics they describe. Thus it is not astonishing
that for this type of system a tight coupling between
graphics and text is established where the graphical
model plays the central role. The ZOOMILLUSTRATOR
by PREIM et al. is an excellent example for this. Here,
short texts are used to label an image which in turn is
generated from a 3D model (Preim, Raab, & Strothotte
1997). The user selects the parts he or she wants to be
labeled and the ZOOMILLUSTR.ATOR generates and dis-
plays the labels. Interaction with the labels yields a
more or less detailed description. The size and place-
ment of the labels is hereby controlled by a fisheye zoom
algorithm (Furnas 1986). An advantage is that because
of this rigid link, search operations in the information
space are kept to a minimum. However, the biggest
drawback is that this strategy can not be used for long
texts where more than one paragraph applies to one
part in the image. Also, to change the texts here means
to change the model as a whole.

Not only textual labels but all kinds of information
can be attached at a graphical model in the system
VOXELMAN. Here, voxel models serve as a basis for
the graphics generation and to each voxel pointers into
different information spaces are attached (HShne et al.
1994). All information spaces are linked to each other
and form a kind of a semantic network so that a wide
variety of information can be explored and displayed on
the user’s demand. This approach is promising since it
enables to combine many different types of data, though



it is cumbersome to use for long texts. Furthermore, the
information space is built on (artificial) physical parts 
the model (the voxels) instead of logical parts (organs,
body parts) and is thus very expensive to create.

Text-Driven Systems Text-driven systems, by con-
trast, are still rather underestimated as to their useful-
ness in learning environments. An example for such a
system is the "Microsoft Encarta Encyclopedia". Here
the main information source are textual descriptions of
things, events, persons, etc. Those texts axe connected
with predefined images, sounds, or video clips. As the
user scrolls through the text, this related information
is displayed depending on the topic currently shown in
the text. If the topic changes (for instance, if the next
entry starts), the image (or whatever is currently dis-
played) also changes. Hence all information presented
to the user is kept consistent.

A major problem when relying on textual information
in on-line systems is the amount of text being displayed.
Due to screen space limitations only a very small part
can be shown at any one point in time. As a metaphor
for flipping pages, scrolling through the text by using
scrollbars and other interaction facilities is not very well
suited. Reading long texts on a computer screen differs
from reading text on paper in many respects. Experi-
ments like the one done by O’HARA and SELLEN show
that the standard interaction facilities offered so far do
not help to concentrate on the task at hand but distract
the user by drawing his or her attention to the interac-
tion which has to be performed (O’Hara & Sellen 1997).

When building a text-driven illustration system, we
consider the following points as being important:

¯ Provide integration o] text and images: Textual and
graphical information are to be incorporated in a way
to make the relationship between them immediately
clear to the user.

¯ Facilitate interaction: Interaction facilities with the
illustration should at least support change of view-
point and zooming.

¯ Provide multiple access to information: Access to in-
formation should not be restricted to one particu-
lar interaction method; instead, many possible ways
should be offered to get a specific piece of informa-
tion.

¯ Provide flexible levels of detail: The amount of infor-
mation (especially textual information) provided 
the user should be controllable by the user, though
in certain situations the system itself may decide that
more or less detailed information will be presented.

Our goal is to design a system which enables users to
browse through long texts to get an overview and to
find quickly sections of interest and interrelations be-
tween them. In particular, we emphasize the coupling
of text and custom generated images, as well as provid-
ing access to the text also through the images.

Illustrating Texts
For solving what we have called the text illu.~tration
problem, i.e., the graphical communication of the con-
tents of a given text, we follow the approach of a text-
driven system as outlined above.

On the textual side, we provide an interface to nav-
igate through the text as it is already familiar to the
users for instance from web browsing software. Ad-
ditional interactive aids like adding annotations and
changing the level of detail at which the text is dis-
played shall help to reduce the effort to navigate within
the textual domain. The graphical illustrations are
created from a given 3D model (in our case a surface
model, however, the techniques introduced here can be
extended to any kind of geometry representation) and
rendered in an interactive viewer. Here, standard inter-
action techniques like rotation, translation, and zoom
are available to explore the model.

A new quality is achieved by combining both models
and thus creating an architecture where navigation is
possible in both models and also affects the display of
both models. The basis for such a system is an archi-
tecture as shown in Figure 1.

geo~mDet~ /J i [~tration text ~ tex~

reXU -’:: :,o7
of the model ~raphics mediator~ ~ attached i

I wth attached | f.. i:~i .i: i-~ ~ ~, |information[
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and special I ]~ec!al!zed mediator 2"~ ! | tags for /

’interaction I I ........ : ~" Ir |interacti°n/[ facilities I
L~’)sPeciaiizecl mediat°r n)! | /

Figure 1: System architecture

The Text Model
To realize the additional navigation facilities, the text
model has to contain more than the pure ASCII rep-
resentation of the text. The inherent structure given
by chapters, sections, and paragraphs has to be repre-
sented as well as formatting instructions (formatting is
often used to emphasize/deemphasize certain passages)
and possibly cross-references. To incorporate all these
information in the text while still being able to pro-
cess the text algorithmically, markup languages are the
tool to be chosen. HTML is widely recognized as the
language for the World Wide Web but rather inflexi-
ble for other tasks. Extensible markup languages like
SGML or XML serve this purpose well. In addition
to the above mentioned features as there are document
structuring and emphasis, using XML makes it possible
to also mark such entities in the text which represent
graphical objects and thus to establish links between
the text and the 3D model.
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The markup of words in the text which are used as
such links can be done automatically for certain do-
mains. Medicine (anatomy) is a very good example for
such a domain. In such texts, a standardized terminol-
ogy (Paris Nomina Anatomica) is used which is agreed
upon by an independent committee and which almost
all anthors use. (Actually, there exist several nomencla-
tures which are well documented and which are rarely
used together). Another example is architecture or--to
a lesser extent--engineering. If there is no possibility to
do an automatic markup, the user should be provided
with special editors to ease that task.

The Graphical Model

There are several requirements for the 3D geometry
model if they are intended to be used in a setup de-
scribed here. We use polygonal surface models, al-
though the method is not limited to those. Any other
model will suffice as long as it consists of clearly rec-
ognizable and distinguishable objects. This is also the
strongest requirement for the models we have. Each
object (typically a collection of polygonal faces, surface
patches or voxels) has to be identifiable by a unique
ID which is in the case of anatomy derived from the
object’s name in the standardized nomenclature. This
ID will serve as the connection to the text model and
will be used within the interaction process to identify
objects and handle them correctly.

Relations which can be expressed in the geometric
model can be used for structuring the information space
in a similar manner as within the text model. Here espe-
cially part-of relations are often included in a geometry
model. The object groups which are constructed in this
way have to be assigued an ID as well. However, the
user should not rely on the presence of such object hi-
erarchies since different model sources make it difficult
to establish a standard of what has to be in the model.

Connecting Both Worlds

The connection between both models is of crucial im-
portance since it determines the interactive possibilities
which are available for exploring the combined informa-
tion space. Hence a monolithic model containing both
parts would only be a hindrance for the development of
new interaction techniques. A loose coupling between
graphical and textual model as illustrated in Figure 1
is thus the basis for the concept presented here.

Connecting the text to the graphical model relies on
the identifiers in the geometry model. Special enti-
ties, so called Text-Graphics-Mediators serve as "bro-
kers" which translate interaction events on one side into
changes on the other side. For each combination of in-
teraction event and system reaction, a special mediator
has to be available. A few examples should make clear
how this concept works.

A user selects a word in the text by clicking on it
using a pointing device (like a mouse). The mediator
which is responsible for this kind of interaction checks

whether this word has an associated object id in the ge-
ometry (encoded by special markups in the text). If so,
the respective object is identified and marked as high-
lighted. The geometry viewer then displays this object
appropriately. A different mediator, also responsible for
selecting single words in the text, may change the view-
ing matrices in the geometry viewer in a way that the
selected object becomes visible and recognizable. As
a second example, selecting an object directly in the
graphical view may result in search operations on the
text so that a paragraph of text which is connected to
this object is displayed. Also multiple selections can
be supported as for instance by color coding all those
objects which appear in the currently visible text por-
tion. The latter approach leads to a reduction in the
search effort necessary when browsing through a text,
looking for a specific topic. Since the graphics change
in accordance to the objects mentioned in the visible
text portion, a user no longer actually needs to read
the text; instead observations of the generated graph-
ical animation help to find at least a text part which
has something to do with the object in question.

Figure 2: Screen shot of an interactive illustration sys-
tem using the concepts described in this paper.

Using Interaction to Derive Visualization
Parameters

Besides the navigation resulting in changes to the view-
point which have been described so far, user interaction
can also be used to determine parameters for visualiza-
tions being created from the geometric model. Thus it
will become possible to create images which reflect not
only a geometry but also the contents of a given text
and moreover the interest of the user in selected parts
of this geometry (or text).

When interacting with this combined information
space, the user shows his or her interest in certain ob-
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jects. The degree of interest differs from very high--
when the used directly interacts with only one object--
to lower when more objects are included in the interac-
tion process. To create illustrations which reflect those
different degrees of interest with different visualization
styles, a quantization of this degree of interest has to be
found. FURNAS developed such a concept in connection
with fisheye zoom algorithms (of. (l~lrnas 1986)) which
can be adapted for the situation at hand.

Each object has a "pre-defined" importance value
which results from its position in the information
space--the place in the hierarchy given in the geom-
etry model or any importance information which can
be derived from an analysis of the text, for instance.
This h priori importance API is thus the basis for any
degree of interest calculation and the degree of interest
DOI for an object o is initially set to this API:

DOIo (o) = API(o)

When users interact with an object, the degree of inter-
est of this particular object increases. But also other
objects experience a change in DOI since all objects
which are no longer in the center of interest (which are
no longer interacted with) may decrease in their own de-
gree of interest. To formalize this, the DOI after each
interaction step is calculated as follows:

DOIn(o) =/(DOIn_~ (o), d(o, 

The function d describes the distance of an object o
from the focus point FP of the interaction, i.e., all
those objects with which the user currently interacts di-
rectly. This distance is not only meant topographically
but also conceptually in order to realize, for instance,
changes over time. Finally, the function f combines the
old DOI value with this distance function, f depends
on the kind of interaction performed so that different
interactions lead to different results. This is necessary
because a direct interaction with a single object--for in-
stance, by selecting an object with the mouse - shows
more interest in this particular object as for instance
the selection of a group of objects.

Using this theoretical framework, a DOI value can be
calculated for each object in the scene. This DOI value
represents the user’s interaction as well as an overall im-
portance of each object in the information space (given
by the API values). To show these values graphically, 
mapping onto visualization parameters has to be found.
So-called presentation variables are introduced where a
change in a value of this variable results in a change of
the visualization. This concept was mentioned the first
time in (Noik 1994). For our purposes, the most im-
portant presentation variable is the visualization style
which determines if an object is rendered photorealis-
tically, more schematically, as a line drawing or if it
is visualized as an rather abstract diagram. Based on
this visualization style, a rough classification of objects
according to their importance is achieved.

Within each of the classes representing different visu-
alization styles, other presentation variables determine

the exact rendering of an object by, for instance, choos-
ing the color or the line style and line thickness, or some
hatching parameters. Figure 3 shows an example stem-
ming from such a visualization. Here also, the contents
of the text is taken into account. The text portion to
which this image is generated deals with the six mus-
cles which move the eyeball. Hence all other objects are
shown with much less detail as simple contour drawings.
The emphasis of the optical nerve results from the in-
teraction history.

Figure 3: Using different visualization styles to show
different user interest.

Adding Knowledge to the Illustration
So far in this paper we have shown how to solve the so-
called text illustration problem as stated above. We as-
sume that a structured geometric model is available for
the objects discussed in the text. The relations between
terms in the text and parts of the geometric model axe
established via unique IDs. Being able to solve this text
illustration problem has some implications. First, we
can create customized illustrations which do not only
reflect the contents of a given text and/or the intentions
of the scientist-anthor but also the user’s interest in cer-
tain parts of the information space. Second, the main
problem using this approach is that the illustrations
only reflect relations between objects if they are explic-
itly modeled either in the geometry or in the markup
of the text. Thus all information over and above that
already containing in the models has to be brought in
manually.

If we consider, for instance, medical or anatomical
texts, many additional relations are given in these tex-
tual descriptions. Especially anatomical texts use a
highly standardized terminology in such cases. (As an
example the description of a muscle has in many cases
the form: "Muscle X has its origin in... and inserts into
... ). Parsing the text and including such relations into
the information space brings us in a position to use ad-
ditional knowledge in the creation of the illustration. In
connection with the interaction analysis and the degree
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of interest approach this enables the creation of highly
specialized illustrations suited for use in textbooks or
other learning aids.

Modeling Additional Knowledge

To successfully use this additional knowledge on rela-
tions between objects, we have to incorporate these re-
lations in the information space. This was done in a
first step by manually creating a knowledge base from
a given anatomical text. For this, a 70 page text from
an anatomy textbook (Rogers 1992) was prepared 
K. HARTMANN. Included in this process was

* finding all "medical objects" which may have an
equivalent in the geometry,

¯ classifying these objects according to classification
schemes used in the domain,

¯ finding all relations between the objects, and

¯ classifying these relations according to their type.

As a result, the knowledge is modeled in a semantic net
with nodes representing the objects and edges repre-
senting relations. Due to the different types of relations,
different weights are assigned to the edges in order to
control the "tightness" of the connection described by
a certain relation. The final knowledge base contains
about 500 concepts and also about 500 relations. This
number takes into account only text that describes the
anatomy of the human leg below (but not including)
the knee joint.

Interaction

When interacting with a specific object, these mod-
eled relations should lead to a change in the degree
of interest of related objects. Here we make extensive
use of the weight values assigned to the semantic net-
work’s edges. There are relations which connect two ob-
jects very closely (the respective edge has a high weight
value) while others are only a very weak conceptual link
(low weight value).

When interacting with the information space, for
each object the new degree of interest is computed as
described above. However, this computed DOI is not
the final DOI assigned to the object. In addition to the
changes invoked directly by the interaction, the DOI
also changes due to the relations with other objects.
Each new DOI value is distributed in the network along
the edges according to the weights assigned to each
edge. The propagation algorithm increases for instance
the DOI of bones which are the origin or insertion of a
muscle with which the interaction is performed. Using
this method, the relations modeled in the knowledge
base also drive the visualization and hence are visual-
ized in the illustration.

For the sake of completeness, we shall now describe
the propagation algorithm; for more detail see (Hart-
mann et al. 1999). Interaction with (one or more)
objects in the illustration or the text leads to a change
of DOI of this object. This change activates a node in

the semantic net by a so-called dominance value which
represents the new DOI. Each node then consumes a
certain amount of this dominance value and propagates
the rest along the edges starting at the activated node.
How much of the dominance is propagated along an
edge is determined by the relation between the weight
values of all edges. This process is recursively repeated
until either all dominance is consumed by the nodes or
until no further edges leading to other nodes exist. Fi-
nally, the dominance values received by each node are
translated in new DOI values for the respective objects.

Results

The following Figure 4 shows a first result of the in-
clusion of additional knowledge into the illustration.
The user has selected one muscle (Musculus peroneus
longus) directly in the illustration thus showing a very
high interest in this object. Due to the "has origin" and
"has insertion" relations in the knowledge base, several
bones are assigned a certain degree of interest. They
are then visualized in a style which emphasizes them
over all objects which are unrelated to the originally
selected muscle.

Figure 4: Using modeled relations between the domain
objects reveals correlations to the viewer. The high-
est DOI is visualized using dark gray and a strong line
showing the muscle. Directly related objects (having 
smaller DOI) are drawn in dark or light gray. For com-
pletely unrelated objects, only the contour is visualized.

Due to the knowledge representation added to the
pure text illustration it is possible to make use of a
broader range of graphical techniques, as is evident
from Figure 4. The additional knowledge processing
gives the opportunity to distribute the interest over
conceptually related objects thus exploiting to a larger
extent the capabilities of non-photorealistic rendering.

We wish to emphasize that up to now the knowledge
base has been constructed manually. It is an interest-
ing open problem to try to use and develop techniques
for automatically constructing a knowledge base to the
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specific extent necessary for high quality text illustra-
tion. Up to now it is unclear how difficult this process
actually is, particularly compared to deriving a general
knowledge base from a given text or, even more general,
for the domain at hand.

Conclusions

Visualizing the contents of a text requires not only iden-
tification of model parts and highlighting them graph-
ically. Important is also the visualization of relations
which are rarely specified in the geometric model. Here,
more information has to be extracted from the given
data----especially the text. Although everything should
work automatically, the user’s interaction is of partic-
ular importance to drive the process of selecting the
information in which the user is most interested.

In this paper we have presented a solution to what we
have called the text illustration problem. Illustrations
are generated based on the contents of a given text and
also reflect the user’s interest in certain objects. The
basis for this is a geometric model with uniquely identi-
fiable objects and a text which has been marked up with
respect to the generation of an illustration from this ge-
ometry. We have seen that in many application areas--
especially medicine, architecture, and engineering--the
text markup can be done at least semi-automatically.

By solving the text illustration problem we have de-
vised some principles and techniques which form the
basis for the automatic generation of more sophisti-
cated illustrations. These include also the visualization
of relations between the observed objects. A knowledge
base in which these relations are modeled is used to dis-
tribute the calculated degree-of-interest values accord-
ingly. In future, we would like the contents of the knowl-
edge base to be extracted antomatically from the text
(or from more texts from the given application area).

There is still the question of the tradeoff between the
completeness of the knowledge base and the quality of
the illustration. It is clear so far that including mod-
eled knowledge yields an added value in the illustration.
To what extent an increase in the amount of available
knowledge also increases the quality of the illustration
is not yet clear.

The set of visualization techniques as used in this
paper and presented in (Schlechtweg et al. 1998) gives
a good foundation for automatic illustration generation.
We have concentrated so far on visualization techniques
which do not include animation or automatic changes in
camera position and parameters. Being able to choose
automatically a camera position which best shows the
objects in question or even to generate an animation
which "illustrates" a process or spatial data will make
use of the possibilities offered in multimedia systems
today.

User interaction, especially with the text, is also cru-
cial. Here new ways of presenting the text to the user
as well as inter~ting with the text (using all its in-
herent properties) are to be developed. Furthermore,

the problem of annotating electronic documents has be-
come more difficult in the area of knowledge supported
illustration. If already the question of how to add an
annotation to an electronic text is not easy to solve,
the question of how to integrate the user’s annotations
to the knowledge base is even further away from being
answered.

This paper has shown a few steps toward integrating
3D models, text, and additional knowledge and thus
toward a new quality which exposes electronic books
from being pure copies of traditional media.
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